1 The efflux of 45Ca from rat pancreas was investigated in relation to the secretion of c-amylase.
Introduction
The events known as 'stimulus-secretion coupling' (Douglas & Rubin, 1961) with calcium described as the linking intermediate between the two processes, are well documented for the release of transmitter substances from neuromuscular junctions and synapses, of hormones from endocrine glands, and of water and protein from exocrine glands (see Rubin, 1970) . In so far as the exocrine pancreas is concerned, extracellular calcium is a limiting factor between cell excitation and the release of digestive protein in response to cholinergic agents (Robberecht & Christophe, 1971; Heisler, Fast & Tenenhouse, 1972) .
The role of intracellular calcium in 'excitationcontraction coupling' (Sandow, 1965) in skeletal muscle is well established (Hasselbach, 1964) and Rasmussen (1970) has postulated-that the translocation of this ion from cellular organelles such as mitochondria or microsomes, may be an important factor in the physiological response of other cell types. Indeed, Heisler et aL (1972) have suggested that under certain conditions intracellular calcium can support secretion of protein from the pancreas stimulated with carbachol. Heisler & Grondin (1973) have recently reported that carbachol increases the rate of efflux of 45Ca from pancreatic fragments when influx of the isotope is presumably blocked by La+++.
The aim of the present study was to investigate further, the effect of carbachol on these rapid changes in calcium metabolism, especially in respect to the secretion of a-amylase from the pancreas.
Methods

A nimals
Female Sprague-Dawley rats, 180-225 g were decapitated and the pancreas excised, and trimmed free of adherent fat and mesentery in chilled incubation medium. Each pancreas was cut into fragments weighing 10-20 mg.
Measurement of 45Ca space
Pancreatic fragments (-100 mg wet weight) were incubated for 30 min at 370C in 2 ml of KrebsRinger bicarbonate (pH 7.4) containing either 0.05, 0.1 or 1.0 mM CaCl2. Radioactive 45Ca (0.5,MCi/ml) was also present in the medium.
Incubation was terminated by filtration through cheese-cloth and the tissues washed twice with the appropriate incubation medium.
The tissues were homogenized in 3 ml of 3 mM CaCl2 and the protein concentration was determined in an aliquot of 200,ul by the Biuret method (Kabat & Mayer, 1967 Following incubation, the medium was removed by aspiration and the tissue homogenized in 3 ml 3 mM CaCl2. Protein concentration and radioactivity were determined as described above. Efflux of 4 Ca is expressed as a percentage of the specific activity (d/min of 45Ca per mg protein) with respect to the specific activity in the 'zero time' samples (= 100%).
An aliquot of the aspirated medium (10-50,ul) was diluted to 0.5 ml with 4 mM CaCl2 and used in the ot-amylase assay. A 100,ul aliquot of the homogenate (prior to being acidified) was diluted to 5.0 ml with 3 mM CaCl2 and 0.5 ml of this solution was used in the a-amylase assay. The method of Bemfeld (1951) The time required to preload the pancreas maximally with 5Ca, is 20 min (Figure 1 ). The (Heisler et al., 1972) , only the effect of the chelator on the efflux pattern was studied. The data are summarized in Figure 3 . Carbachol stimulated the rate of 45Ca efflux as observed previously. It was also noted that EGTA itself, stimulated loss of 45Ca from the tissues as indicated by the amount of 45Ca remaining in both EGTA-treated and non-treated tissues at the various times (cf. controls, Figure 2 ).
Effect of atropine
The effects of atropine (10-5 M) on the efflux of 45Ca, and secretion of at-amylase in response to carbachol, are illustrated in while by itself, it did not influence these events (cf. controls, Figure 2 (Vallee, Stein, Sumerwell & Fisher, 1959) . Ca++ is secreted into pancreatic juice in direct relation to the enzyme following stimulation with pancreozymin (Zimmerman, Dreiling, Rosenberg & Janowitz, 1967; Goebell, Steffen & Bode, 1972) . That the 45Ca effluxed from the pancreas in the current experiments is not complexed to the o-amylase secreted, is suggested by a number of observations. In all the experiments, a plateau in the rate of loss of 45Ca from the tissues was observed after 10 to 20 min of incubation; the stimulated rate of release of a-amylase in contrast, was still linear following this time period and continues to be so for up to 60 min (Heisler et al., 1972) . The ability of carbachol to stimulate the efflux of 45Ca in the presence of EGTA 1 mM, a concentration which is 13.3 times greater than that required to inhibit the secretory response to carbachol (Heisler et aL, 1972) , further substantiates the belief that the 45Ca lost from the cell is not derived from a zymogen pool.
Disodium edetate (EDTA), and presumably EGTA, is known to act extracellularly (Bianchi, 1965) . The exposure of vascular smooth muscle to EDTA produces a sustained increase in the rate of 45Ca efflux, an effect which has been attributed to an inhibition of re-uptake or re-binding of 45Ca at extracellular sites (Bianchi, 1965; Goodman & Weiss, 1971 factor in pancreatic secretion (Robberecht & Christophe, 1971; Heisler et al., 1972) and that with carbachol, 45Ca accumulates in the rat pancreas prior to the onset of the secretory process (Heisler & Grondin, 1973) (Heisler et al., 1972) and by the demonstration that La+++, which blocks the carbachol-stimulated uptake of 45Ca by the pancreas, also inhibits the secretory response to the same agent (Heisler & Grondin, 1973) . Finally, Robberecht & Christophe (1971) found that in the absence of extracellular Ca`the basal secretion of amylase is diminished. Atropine, like dibutyryl cyclic AMP, slows the carbachol-stimulated efflux of 4"Ca from the pancreas, but unlike the nucleotide, it inhibits the release of a-amylase by carbachol. The ability of atropine to block the cholinergic-induced secretory response in mouse pancreas, while leaving unaffected the response to pancreozymin (Kulka & Sternlicht, 1968) suggests that this agent moderates the observed carbachol effects in the current studies by competition at carbachol receptor sites rather than by exerting a nucleotidelike ef 'ect on events elsewhere in the cell. Th )ugh it is impossible to ascertain from this study whether either intra-or extracellular Ca++ is used preferentially during the secretion process in the rat pancreas, the observation that the output of ca-amylase in response to carbachol is the same at a wide range of external Ca++ concentrations (Heisler et al., 1972) suggests that at low extracellular ionic concentrations, intracellular Ca++ may sustain the release of secretory protein.
In the pancreas identification of either the cell compartment from which carbachol stimulates Ca++ efflux or the site at which Ca++ activates secretion has not been made. Stimulus-secretion coupling, however, has invariably been compared to the analogous series of events of excitationcontraction coupling. In excited muscle, the sarcoplasmic reticulum releases Ca++ which in turn interacts with the contractile proteins to initiate the myogenic response (Mommaerts, 1971) . The possibility that the pancreatic endoplasmic reticulum and zymogen vesicle are structural correlates to muscle sarcoplasmic reticulum and contractile proteins appears well worth investigating.
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